Asian Journal of Surgery (2013) 36, 74e82 displacements of the FM were 1.9 AE 2.0 mm (range Z 0e4.8) for ETV and 2.4 AE 2.1 mm (range Z 0e5.5) for ETB. The maximum displacements were 4.8 mm anteriorly for ETV and 5.5 mm posteriorly for ETB. Conclusion: Single burr hole rigid ETV/ETB is likely to be safe within maximum FM displacements of 4.8 mm anterior for ETV and 5.5 mm posterior for ETB. Preoperative trajectory planning using neuronavigation software is recommended.
KEYWORDS endoscopic biopsy; endoscopy; hydrocephalus; neuronavigation; pineal region tumor; third ventricular tumor; third ventriculostomy Summary Objective: To investigate the safe displacement range of the foramen of Monro (FM) during single burr hole rigid endoscopic third ventriculostomy (ETV) and endoscopic tumor biopsy (ETB). Methods: Eleven patients who received ETV/ETB for third ventricular and pineal region tumor were reviewed. The burr-hole location, the size, and the virtual displacement of FM were measured using neuronavigation software. Results: Hydrocephalus was resolved, and no subsequent cerebrospinal fluid (CSF) shunting was required in all cases. Histological diagnosis was established in 11 patients. Ten cases received instrumental cognitive and memory assessment postoperatively. The results were within the normal range for eight cases. The mean burr-hole location was 1.7 cm anterior to coronal suture and 3 cm from the midline. The mean diameters of FM measured on the axial, coronal, sagittal, and views were 5.7, 7.8, and 5.6 mm, respectively. The mean virtual
Introduction
Posterior third ventricle and pineal region tumors are heterogenic in histology, including germ cell tumors, pineal tumors, astrocytic tumors, and cystic lesions. Consequently, the corresponding therapy and prognosis are also different. By contrast, the clinical findings are quite consistent e approximately 90% of these patients present obstructive hydrocephalus and features of raised intracranial pressure (ICP). 1 Therefore, endoscopic third ventriculostomy (ETV) and endoscopic tumor biopsy (ETB) is the choice for initial management to relieve the hydrocephalus and establish the histological diagnosis. 1e20 Treatment of the tumor can be planned afterwards, such as chemotherapy, radiotherapy, or surgical excision. One of the complications of ETV or ETV/ETB is possible injury to the structure around the foramen of Monro (FM), especially the fornix, resulting in memory impairment related to the movement of the endoscope during the procedure. 2,6,21e32 Apart from in-depth knowledge of the related anatomy and mastering the neuroendoscopic technique, trajectory planning of ETV and ETB is very important in order to minimize the tissue displacement of the FM, thus avoiding injury to the structure around. In this study, using neuronavigation software, we measured the virtual displacement of FM during a single burr hole rigid ETV and ETB procedure. We also correlated the range of displacement with the clinical outcome, including the memory function. We believe that this range will serve as a useful reference for choosing a safe method to perform ETV/ETB, such as single versus two burr hole methods.
Patients and methods

Patients
All patients with posterior third ventricle and pineal region tumors and who underwent ETV and ETB in both institutes of the authors between 2001 and 2008 were reviewed.
Methods
The clinical presentation, image findings, surgical procedure, pathological diagnosis, subsequent treatment, and clinical outcomes were reviewed. Instrumental assessments including the Mini-Mental State Examination (MMSE), and Rivermead Behavioral Memory Test (RBMT) 33 were performed in 2008 to evaluate the cognitive and memory functions.
Endoscopic technique
All procedures were performed with the patients under general anesthesia and in a supine position. A precoronal burr hole with a diameter of 14 mm was made at the midpupillary line. A rigid 30 -view neuroendoscope of 3.5 mm Â 5.0 mm in diameter with two working channels (Storz, Munich, Germany) was introduced into the lateral ventricle. The cerebrospinal fluid (CSF) specimen was collected. Then, the endoscope was advanced into the third ventricle through the FM. With the 30 view facing anteriorly, ETV was performed in the midline between the mammillary bodies and the infundibular recess in the standard manner. After ETV, the endoscope was directed to the posterior part of the third ventricle with the 30 view facing posteriorly. Tumor biopsy was performed using cup biopsy forceps. Any bleeding of the biopsy site was controlled by irrigation with or without diathermy cauterization. On completion of the procedure, the endoscope was withdrawn slowly. Structures around the FM including the fornix were inspected. Finally, a catheter was inserted into the ventricle for ICP monitoring postoperatively.
Measurement of the virtual displacement of FM and related parameters
The preoperative magnetic resonance imaging (MRI) and postoperative computed tomography (CT) images were fused using neuronavigation software (BrainLAB iPlan Cranial 2.6, Heimstetten, Germany) for three-dimensional reconstruction and analysis. The axial plane was aligned to the anterioreposterior commission plane. Two trajectories were drawn from the center of the actual burr hole to the site of ETV at the floor of the third ventricle and to the site of tumor biopsy ( Figs. 1 and 2) . At the level of FM using the probe view (i.e., to view perpendicular to the trajectory), the distance between the edge of the foramen and the trajectory was measured as the distance of virtual displacement ( Figs. 3 and 4 ). The location of the actual burr hole was measured in terms of distances from the midline and the coronal suture, and also the angle between the trajectory and the orbitomeatal (OM) line. The size of the FM on preoperative MRI was measured in its maximal extension size on axial, coronal, and sagittal images.
Results
Between 2001 and 2008, 11 patients (8 males and 3 females, age: from 11 to 74 years, mean age: 29 years) had underwent ETV/ETB for third ventricle and pineal region tumors with obstructive hydrocephalus (Table 1 ). In one case, ETV was attempted only because the anatomy of the anterior part of the floor of the third ventricle was unclear because of the disseminated tumor (Case 1). The follow-up period was from 6 months to 7 years. All the cases were screened using MRI or CT imaging during the follow-up period. The majority of the tumors were in the posterior one-third of the third ventricle ( Table 1 , Fig. 1 ). The histological diagnosis revealed six germ cell tumors (5 germinomas and 1 immature teratoma), one atypical teratoid rhabdoid tumor (AT/RT), one pineocytoma, and two pilocytic astrocytomas. In one case, the pathological report revealed fibrous tissue only (Case 11).
No CSF shunting was required subsequent to the EVT for all the cases. After the biopsy, four cases received craniotomy for tumor excision. Six cases received chemotherapy and/or radiotherapy without further operation. Case 11 with histological diagnosis of fibrous tissue was under observation. Follow-up imaging of this case at 8 years after the biopsy revealed that the tumor size remained static. None of the cases developed acute amnesia postoperatively. One patient (Case 5) had intraventricular hemorrhage on postoperative Day 2 after the removal of the ICP monitoring catheter. In this case, injury to the massa intermedia was observed by the endoscope during the biopsy procedure. The intraventricular hemorrhage was managed conservatively and the patient recovered well. One case died 1 year later due to hemorrhagic stroke unrelated to the ETV/ETB operation (Case 10). The trajectories were drawn from the burr hole to the sites of the ETV and ETB in the three-dimensional reconstruction images. CT Z computed tomography; ETB Z endoscopic tumor biopsy; ETV Z endoscopic third ventriculostomy; MRI Z magnetic resonance imaging.
The outcome was evaluated using MMSE and RBMT at 6 months to 7 years postoperatively. The results were within normal range in eight out of 10 patients. There were two cases (Cases 6 and 11) with low MMSE and RBMT scores, suggesting global impairment rather than selective memory deficit. Case 6 had a 3 Â 3 Â 4 cm AT/RT in the pineal region extending upward above the tentorium and toward the left side. Neurobehavioral Cognitive Status Examination (NCSE) was used to evaluate his cognitive status after ETV/ETB before the subsequent tumour excision.
The results were normal including the memory. Unfortunately, he encountered extensive intraventricular hemorrhage during the tumor excision via a left occipital interhemispheric transtentorial approach. On Glasgow Coma Scale examination, he was unable to obey commands until 17 days postoperatively. However, NCSE assessment at 7 weeks after the tumor excision showed impaired time orientation, naming, construction ability and memory. We believe that the extensive surgery in pineal region and surgical complications are the factors that contributed to the decline in his cognitive status. Case 11 is a woman who presented at 74 years of age. The MMSE and RBMT examinations were done at the age of 82 years, revealing dementia. Case 10 died 1 year after biopsy; therefore was excluded from the assessment.
The mean distances from the center of the burr hole were 17 mm (standard deviation (SD) Z 6.8, range Z 5e29 mm) anterior to the coronal suture and 30 mm (SD Z 6.8, range Z 18e37 mm) to midline. The mean angles were 58 (SD Z 58, range Z 50e63 ) between the ETV trajectory and the OM line and 46 (SD Z 3.9, range Z 39e53 ) between the ETB trajectory and the OM line. The mean angle between the two trajectories was 14 
Discussion
The majority of patients with third ventricular and pineal region tumors present with acute symptoms of raised ICP because of obstructive hydrocephalus caused by the tumor. By contrast, tumors in this region are variable, and a substantial proportion of them are sensitive to chemotherapy or radiotherapy without the need of aggressive surgery. In 1994, Grunert, Perneczky, and Resch 34 reported a series of 12 cases that had undergone endoscopic procedures through the FM. In 3 cases, either at the same time or in a second procedure, an ETV through the FM was performed in addition to ETV. Since then, many studies on ETV/ETB have been published for posterior third ventricle and pineal region tumors with obstructive hydrocephalus as initial management. 1e20 Through ETV/ETB, the following three objectives are achieved by one-step surgery: (1) CSF collection for tumor marker and cytological analysis; (2) definitive treatment of obstructive hydrocephalus by third ventriculostomy to relieve the raised ICP; (3) tumor biopsy for histological diagnosis, thus guiding the further treatment of the tumor.
However, working inside the third ventricle with the endoscope through the FM poses a risk of injury to the structures around the FM, especially the fornix resulting in memory deficit. Although the incidence of post-operative memory deficit is low, it persists throughout the literature, either in ETV/ETB or ETV alone series. 2,6,21e28,30e32 For ETV alone, the postoperative complication of permanent memory disorders was 0.17%. 24 For ETV/ETB, in 1997, Ferrer and colleagues reported that one out of four cases had short-term memory loss lasting for 2 weeks. 2 The incidence of this complication became significantly lower in the later reports. In 2001, Pople and colleagues reported one case out of 18 cases with temporary amnesia postoperatively. 6 In 2011, Mohanty and colleagues reported eight cases had forniceal contusion out of a series of 87 cases. Among these eight cases, the contusion were mild in seven and significant in one. 28 Although the postoperative memory deficit in most of the reported cases was transient or mild, severe complication did occur sometimes. Benabarre and colleagues reported that a case developed memory impairment after ETV for slit ventricle syndrome. 22 Longitudinal neuropsychological evaluations for more than 1 year revealed severe immediate memory deficit as well as difficulties in planning and consolidation of newly learned information. Damage to the right fornix was noted intraoperatively and confirmed by postoperative MRI. In another case report by Bonanni and colleagues, a patient developed deep amnesia and bulimia immediately after ETV and ETB. 23 Psychological evaluation at 4 months postoperatively revealed normal IQ but poorly performed memory tasks. The memory deficit persisted when examined at 9 months and 1 year postoperatively. Postoperative MRI showed a complete section of the column of the right fornix, partial lesion of the right septal nuclei, and atrophy of mammillary bodies. To avoid injury to the fornix and adjacent structures, two alternative methods have been adopted: [1] flexible scope 2e4, 6,8,9,11e14,17,34,35 ; [2] two burr holes for different trajectories. 4e7, 10, 11, 16, 19, 20 The flexible scope has the advantages of wider visualization range and operation field than those of the rigid scope. However, it requires more experience to master its orientation. Its optic resolution is not as good as the rigid scope. In addition, the size of the biopsy specimen is smaller than that used in the rigid scope. The two burr-hole method is effective in avoiding the movement of the rigid neuroendoscope at the FM. However, it requires two trajectories, which will generate more trauma and increase chances of infection in the brain parenchyma. The anterior burr hole may also cause cosmetic disadvantages. 7 Single burr-hole rigid ETV/ETB remain the choice of many neurosurgeons. 1, 15, 18, 28 Four factors are important regarding the risk of damaging the fornix: (1) the size of FM;
(2) the location of the tumor; (3) the trajectory, which is determined by the location of the burr hole; and (4) the size and view angle of the neuroendoscope. The chances of injury are higher when the foramen is smaller and the tumor is located more posteriorly. An optimal burr-hole location can minimize the movement of the endoscope at the level of the FM by a trajectory from the burr hole to the FM, where further anterior movement for ETV and posterior movement for ETB are equally distributed.
Many studies have addressed the importance of planning the trajectory. 1, 6, 15, 18, 20, 28, 34 The principle is to have a trajectory from the burr hole to the FM where further anterior movement for ETV and posterior movement for ETB are equally distributed. However, equally distributing the endoscope movement only implies minimizing the entire range of the movement. It does not mean that the movement is within a safe range of the surrounding structure.
In our series with one burr hole using a 30 view and 3.5 Â 5 mm diameter rigid scope, the virtual displacements of FM ranged from 0 mm to 4.8 mm for ETV and from 0 mm to 5.5 mm for ETB. The corresponding mean burr-hole location is 1.7 cm anterior to the coronal suture and 3 cm from the midline. Within this range, there was no injury to the fornix observed intraoperatively and no postoperative acute amnesia observed clinically. In the late postoperative stage, the results of MMSE and RBMT were within the normal range except for three cases because of individual reasons. Therefore, we conclude that the maximum displacements of 4.8 mm anteriorly for ETV and 5.5 mm posteriorly for ETB are likely to be a safe range.
However, we realize that the result of displacement measured virtually may not be exactly the same as the actual displacement during the operation. The difference can be due to the following reasons: [1] During the ETV and ETB operation, because the tilting forward or backward of the endoscope, the axle center of the endoscope may slightly shift forward and backward at the entry point of the burr hole. Thus, the actual displacement of FM may be less than the virtual measurement using the center of the burr hole as the axle center of endoscope tilting. For a burr hole with a diameter of 14 mm, the forward and backward shifting of the endoscope at the entry point will decrease the displacement to around 1.6 mm at the level of FM. [2] Using a 3.5 Â 5.0 mm rigid endoscope for ETV and ETB, the virtual FM displacement should add 2.5 mm in addition to the measurement of trajectory line at the level of FM as the radius of the long axis of the endoscope. This measurement would be more close to actual displacement of FM if the ETV and ETB trajectories were measured using the intraoperative navigation images.
Knaus and colleagues 18 studied the virtual endoscopic movement quantitatively using neuronavigation software. Among the 15 cases, 11 cases received ETV/ETB in the third ventricle. The ranges of tissue shift at the level of FM were 1.9 AE 2 mm for ETV and 2.4 AE 4 mm for ETB. These results are very similar to our results. By contrast, other than SD, the range of displacement is not provided in the study. We believe that the maximum value of tissue shift is also important as a consideration for a safe range of displacement.
In fact, we have analyzed the trajectory postoperatively and started the preoperative planning of the optimal trajectory for some of the cases before the retrospective review of the result. The choice of our burr-hole location is based on review of the literature as well as our own experience. We now routinely plan the optimal trajectory before the operation for ETV/ETB. There was one case with the massa intermedia injured by the endoscope during ETB. In this case, the third ventricle was only mildly dilated, and the tumor was in the posterior one-third of the third ventricle. In the navigation software analysis, the massa intermedia was encountered by the ETB trajectory and the injury could be anticipated preoperatively. To avoid the injury, a two burr-hole method or flexible scope should be considered. Many studies have shown that the selection of single or two burr holes and rigid or flexible scope should be tailored according to an individual case as well as the surgeon's experience. 4, 6, 9, 10, 12, 14, 16, 17, 20, 34, 35 The result of our study will provide a useful reference for preoperative planning.
From this retrospective study conducted from 2001 to 2008, we conclude that measuring the possible range of FM preoperation will guide us to perform the surgery more safely. Therefore, we have used it as a safe reference to assist preoperative planning since then. We expect that further studies need to be conducted to prospectively validate this result.
We have also provided the size of FM in patients with obstructive hydrocephalus. The normal size of the FM is 5.4 þ 1.2 mm Â 2.7 þ 0.9 mm. 36 In our series with tumor in the posterior third ventricle and pineal region, the mean diameters are 5.7 mm (SD 1.4, range 4.4e8.8 mm) on axial image, 7.8 mm (SD 1.9, range 5.5e12.4 mm) on the coronal image, and 5.6 mm (SD 1.3, range 4.3e7.7 mm) on the sagittal image. We believe that this is also important information for reference.
Limitations of the study
Our study has several limitations: the series is small, and it is a retrospective study. There is no preoperative cognitive and memory assessment to compare with the postoperative result. One of the reasons is that many patients presented with raised ICP and impaired consciousness. Emergency operation was often required, and it was not feasible to conduct routine preoperative cognitive assessment.
The retrospective investigation of cognitive and memory function with MMSE and RBMT at 6 months or longer after the endoscopic procedure tend to overlook reversible impairment at the early postoperative stage, although clinically all patients did not develop acute amnesia. The function of fornix is correlated with not only cognitive function and memory, but also the processing speed and working memory. MMSE and RBMT are not sophisticated enough in identifying deficits in all these functions. We also realize that MMSE and RBMT are mainly used in the population in the age group of 16 years and above. In our series, there were two children with age 10 and 11 years respectively. These weaken the validity of the result.
Conclusion
In our series with one burr hole using a 30 view and 3.5 Â 5 mm diameter rigid scope, the virtual displacements of FM ranged from 0 mm to 4.8 mm for ETV and from 0 mm to 5.5 mm for ETB. The corresponding mean burr-hole location is 1.7 cm anterior to the coronal suture and 3 cm from the midline. Within this range, there was no injury to the fornix observed intraoperatively and no postoperative acute amnesia observed clinically. In the late postoperative assessment using MMSE and RBMT, the results were within the normal range except for three cases because of individual reasons. Therefore, we conclude that maximum displacements of 4.8 mm anterior for ETV and 5.5 mm posterior for ETB are likely to be a safe range. We highly recommend optimal trajectory planning using neuronavigation software before surgery.
